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Abstract. Controlled hunts were held on the NASA Plum Brook Station near San-
dusky, Ohio, during the winters of 1975-76 and 1976-77 to reduce the white-tailed
deer (Odocoileus virginianus) population. Primary and alternate hunters were chosen
by public drawing, and 57% (n = 1423) of the 2497 hunters were interviewed during
the hunt to determine hunter effort and success. White-tailed deer flight reaction
was measured before and during the controlled hunts. As the hunting seasons pro-
gressed, the hunters put in more effort and had less success, and deer showed an in-
creased avoidance behavior towards humans. The differences between results of
morning and afternoon hunts indicated changes in deer behavior played a large role
in the kill-rate decline during the season. Wounding rates were not correlated with
the increasing difficulty of the hunt.
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Large populations of cervids often de-
velop on areas where hunting is incom-
patible with the current activities and is
not permitted (Leopold 1963). Such a
situation developed on the National
Aeronautics and Space Administration's
(NASA) Plum Brook Station near San-
dusky, Ohio. This 2,176 ha station is
enclosed by a 2.44 m cyclone fence that
prevents emigration of white-tailed deer.
NASA restricted all hunting when it ob-
tained the site in 1956 and by the mid-
1960's the white-tailed deer were a
problem (Harder and Peterle 1974).
More than 3,900 deer were removed by
trapping and professional hunting be-
tween 1966 and 1974 (Andrews et al
1977), but the population continued to
increase; by January 1975 the population
was estimated at 2,499 deer, or 115/km2
(298/mi2) (Rice and Harder 1977).
In an effort to reduce this population,
public hunts were held on 22 and 29
November, 13 and 20 December 1975, 10,
17, 24, and 31 January, and 7 February
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2Present address: Fish and Wildlife Service
(PCR), U.S. Department of the Interior,
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1976, 6, 13, 20, and 27 November, 11 and
18 December 1976, and 8 and 15 Jan-
uary 1977. Hunters were chosen by
public drawing and designated either as
primary or alternate. Each primary
hunter was assigned a specific area (X =
24 ha) to hunt on foot. They were
allowed to hunt all of their assigned area,
but were not allowed to leave the area,
even to follow wounded animals. Two
hunts were conducted each day and
hunters were required to use shotguns
and slugs. The primary hunters were
transported to their assigned areas at
specified times for the morning and
afternoon hunts. Some alternate hunt-
ers replaced primary hunters after the
latter brought their deer to the check
station. A few alternates were guided
through areas containing structures or
equipment. These hunters were told
which deer to shoot and were allowed to
shoot from the road. Deer also were re-
moved by trapping and by professional
hunting for scientific collections during
the winters of 1975-76 and 1976-77.
The objective of this study was to
document changes in hunter effort and
deer response to human activity during
the public hunts. Previous studies indi-
cated that an increase in hunter effort
(Holsworth 1973, Van Etten et al 1965)
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and an increase in flight distance
(Behrend and Lubeck 1968) could be
expected. Flight distance is the distance
to which a person can approach a wild
animal without causing it to flee (Alt-
mann 1958, Hediger 1968). The deer on
Plum Brook Station were disturbed by-
professional hunts for scientific collection
in 6 of the 8 winters preceeding the first
public hunt. These 6 hunts, usually on 2
consecutive days, were conducted in
vehicles and resulted in 666 deer killed
with shotgun slugs. The trapping and
removal efforts also caused some dis-
turbances prior to the public hunts. In
spite of these disturbances, deer on
Plum Brook Station were relatively easy
to observe prior to the public hunts.
METHODS
All hunters were required to report to the
check station at the end of each hunt. Hunters
in 7 (22 and 29 November 1975; 10, 17, 24 and
31 January; 7 February 1976) of the 9 hunts in
1975-76 and 3 (6, 13, and 27 November 1976) of
the 8 hunts in 1976-77 were interviewed to de-
termine the amount of effort needed to kill
each deer. Each hunter was asked to supply
information on the number of shots fired, num-
ber of deer he shot at, estimated distance of the
killing or missed shots (in yards, the system all
hunters understood), time of the kill, sex and
age of the deer killed, number wounded, number
of years they had hunted deer, and whether or
not they had ever received firearms training.
No attempts were made to check the accuracy
of the interview data, but the guides reported
that those hunters who fired a large number of
shots tended to under report this number.
Thus our data are conservative on items that
tend to be under reported. The estimated
amount of time in the field was most accurate
for the primary hunters, so only these hunters
were used in the analysis of effort.
Our figures on the deer population of Plum
Brook Station were based on the census (298
per mi2 in January 1975) by Rice and Harder
(1977), the population model developed for this
population (Harder, personal communication),
and U.S. Fish and Wildlife Service records
(Andrews et al 1977) on the number of deer re-
moved from the Station (2895 deer removed
from 1975 through 1977). We estimate that
344 deer/mi2 were available at the start of
the 1975-1976 hunt.
The flight reaction of white-tailed deer was
documented on 21, 22, 23 October; 8 December
1975; 28 October; 5, 26 November; and 4, 10
December 1976. Deer feeding at the edge of
road were approached in a vehicle. When these
deer fled, the vehicle was stopped and the dis-
tance to the site at which the deer had been
standing was paced. Paced distances were
consistent because of the level terrain (road)
and because the number of paces per 100 feet
was measured 4 times prior to each day's re-
cording of flight reaction. To minimize varia-
tion due to factors other than disturbance by
humans (Altmann 1958, Kucera 1976, Walther
1969), data were collected only in the late
afternoon from single adult females standing or
grazing along the roadside (not from deer
moving across the road) and fully aware of our
approach. The responses of deer meeting these
criteria were recorded as withdrawal distance
for those deer walking or trotting away as soon
as they saw us, or direct flight distance for
deer slowly galloping away after watching our
approach (Walther 1969). We also recorded
vocalizations, tail postures, and whether or not
deer remained in the brush close to the area
where the flight began.
RESULTS
During the 2 public hunts, 2494
hunters participated and killed 1,330 deer
(53.3% success). These hunts accounted
for 54% of the deer removed by all the
methods used in reducing the deer popula-
tion from 2,886 in November 1975 to 640
in the fall of 1977 (Andrews et al 1977).
We interviewed 1423 (57%) of the
hunters participating in the 2 public
hunts. Of the primary and alternate
hunters interviewed, 31% had received
some form of firearms training. Only 7%
of the hunters indicated that they were
hunting deer for the first time, but 50%
of those interviewed had hunted deer in 7
or fewer years previously. One indi-
vidual reported that he had hunted deer
for 53 years. We determined that 85.8%
of the interviewed hunters fired at least
1 shot, and 4,240 shots were fired at
2,246 deer, of which 817 were killed
(X = 5.19 shots/kill, X-1.89 shots/deer
shot at). Successful hunters averaged
3.32 shots/kill, and their average estimate
of the killing distance was 47 yd. The
mean kill rate was 0.208 deer killed per
hunter-hour in the field. The hunters
we interviewed reported wounding 161
deer (0.197 wounded/deer killed, 0.11
wounded/hunter in the field (or 0.07
wounded/deer shot at versus 0.36 killed/
deer shot at)). Surveys at the end of the
2 hunting seasons revealed that 232 deer
died from hunting wounds but were not
recovered by hunters (0.17 crippled/deer
killed, 0.09 crippled/hunter in the field)
(Andrews et al 1977).
Because all the primary hunters were
on foot, were without a guide in un-
familiar terrain, and were in and out of
the field at known times, data from inter-
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views of these hunters are used to show
trends of season length on hunter success
and effort. Data for the morning and
afternoon hunts are presented separately
because of some obvious differences in
the results. Along with a decline in
hunter success (fig. la), increased effort
was needed to kill deer in each subsequent
hunt. There appeared to be less oppor-
tunity to make a kill as shown by the
decline in the portion of hunters getting
at least one shot (fig. lb) in the morning
hunts but not in the afternoon hunts.
Successful hunters in the morning gener-
ally required more time as the season
progressed, but the time required did not
differ significantly, as shown by the large
standard errors (table 1). The portion
of the morning kill that occurred in the
first 1.5 h declined in subsequent hunts,
whereas the same portion remained
somewhat stable in the afternoon (fig. lc).
The deer also may have been more dif-
ficult targets in the later hunts. Success-
ful hunters tended to fire more shots in
the morning hunts as the season pro-
gressed (table 1), and the estimated kill-
ing distance increased more in the morn-
ing than in the afternoon (fig. 2). Ap-
parently, these hunters fired additional
times at the deer they eventually killed
because the number of deer escaping from
successful hunters did not increase (table
1). The portion of the deer population
that was shot at by primary hunters but
escaped increased after the first few
hunts and then remained relatively stable
(fig. Id). The increased target difficulty
did not, however, increase the reports of
wounding deer (fig. le) as the season
progressed. The high wounding rates in
both the morning and afternoon of the
8th hunt in 1975-76 indicate that some
factor other than season length was
TABLE 1
Data from interviews of primary hunters who killed deer during public
hunts on Plum Brook Station in 1975-76 and 1976-77.
Date Hunt#
MORNING HUNTERS
1975-76 hunting season
22 Nov 75
29 Nov 75
10 Jan 76
17 Jan 76
24 Jan 76
31 Jan 76
7Feb 76
1
2
5
6
7
8
9
1976-77 hunting season
6 Nov 76
13 Nov 76
27 Nov 77
AFTERNOON
1
2
4
HUNTERS
1975-76 hunting season
22 Nov 75
29 Nov 75
10 Jan 76
17 Jan 76
24 Jan 76
31 Jan 76
7 Feb 76
1
2
5
6
7
8
9
1976-77 hunting season
6 Nov 76
13 Nov 76
27 Nov 76
1
2
4
No. Shots
(X = SE)
3.1=0.6
3.2=0.7
3.3 = 0.7
3.8 = 1.4
4.4 = 2.5
3.0 = 1.1
4.5 = 1.8
3.6 = 0.7
3.9 = 1.0
4.5 = 1.3
2.4 = 0.4
3.1=0.8
3.1 = 0.8
3.8 = 1.2
3.3 = 1.1
3.2 = 0.9
3.0 = 0.7
3.1 = 0.6
2.7 = 0.6
2.5=0.6
No.
Escapes
0.5
0.5
0.3
0.6
1.0
0.4
0.5
0.8
0.8
1.2
0.3
0.7
0.6
0.8
0.8
0.7
1.0
0.5
0.4
0.4
Min. in field
(X = SE)
89 = 16.4
112 = 19.0
109 = 21.8
112 = 24.2
120 = 27.9
138 = 28.6
125 = 33.0
119 = 15.2
130 ±18.8
143 = 20.2
102 = 19.2
117 = 16.0
98 = 21.2
87 = 21.8
118 = 26.4
103 = 23.2
96 = 28.6
100 = 16.2
98 = 15.2
106 = 23.0
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FIGURE 1. Comparison of primary hunters
in morning and afternoon hunts in 1975-76
and 1976-77 on NASA Plum Brook Station.
A. Percentage of the interviewed hunters
that killed deer, B. Percentage of the in-
terviewed hunters that fired at least one
shot, C. Percentage of the kill that occur-
red within the first 90 min of each hunt,
D. Percentage of the white-tailed deer that
were shot at but escaped, and E. Percent-
age of the white-tailed deer that were shot
at and wounded but not recovered by that
hunter.
affecting these rates. Our weather rec-
ords do not show any unusual conditions
on that date.
As the season progressed, the reduced
deer population undoubtedly lowered
each hunter's prospect for bagging a deer.
Any change in the deer's behavioral re-
sponse to the hunters due to the dis-
turbance of previous hunts could also af-
fect hunter success. The amount of ef-
fort, as measured by man-minutes in the
field, required for each kill generally
increased as the season progressed and
was highly correlated with the estimated
number of deer available, number of
previous hunts, number of deer wounded
in previous hunts, number that escaped
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FIGURE 2. The estimated distance (X±
2SE) of the kills made by primary hunters
at NASA Plum Brook Station.
in previous hunts, and number of shots
fired previously (r=-0.95, 0.95, 0.97,
0.96, and 0.96, respectively). Interpre-
tation of the correlation data is difficult
because, by definition, the independent
variables must either increase or decrease
with each subsequent hunt.
The regression equations for kill rate
versus population size differed (fig. 3)
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FIGURE 3. Kills per hunter-hour in the
field in relation to deer availability for
primary hunters in 1975-76 O = daily X,
(C[t] = -0.449+0.00241N[t]) and 1976-77
® = daily X, (C[t] =-0.664+0.00445N[t])
at NASA Plum Brook Station as compared
to data from (A) Holsworth (1973) (C[t] =
0.006N[t]) and (B) Van Etten et al (1965)
(C[t] =0.00399N[t]). C[t] is the kill rate at
time t and N[t] is the population density at
time t (Van Etten et al 1965).
from the equations reported in previous
studies (Holsworth 1973, Van Etten et al
1965). The 1976-77 hunting season on
Plum Brook Station showed a decline in
the kill rate similar to the previous
studies, but the 1975-76 season had a
shallower slope or slower decline in the
kill rate. The kill rate decline was faster
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for the morning hunts than for the after-
noon hunts in 1975-76 (fig. 4). The
dense population on the station did not
result in the high kill rates that could be
projected from the previous studies. In-
stead, the slopes were shifted to the right
and the intercepts became negative
rather than zero.
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FIGURE 4. The 1975-76 kills per hunter-
hour in the field in relation to deer avail-
ability for primary hunters in morning
O = daily X; ( = regression slope_of
0.0036) and afternoon hunts • = daily X;
( = regression slope of 0.00164).
The flight response of deer changed as
hunting progressed on Plum Brook Sta-
tion. The direct flight distances from
vehicles were highly variable both before
and during the public hunt, and no sig-
nificant changes were detected. The
number of withdrawal reactions, how-
ever, was significantly greater (x2 = 8.07,
ldf, P<0.005) during the public hunt
than before, and the withdrawal re-
sponses also were at significantly (P
< 0.005) greater distances than the
flight reactions. These data on with-
drawal were supported by our more sub-jective observations on the deer's reac-
tion to humans. For example, deer in
woody cover near the road remained in
the area when vehicles drove by prior to
the public hunt but not after the hunt.
As the hunting season progressed, hunt-
ers complained more about not seeing
deer or not being able to get within shoot-
ing range. Finally, the professionals
making the monthly scientific collec-
tions after the public hunts were forced to
switch from shotguns and slugs to weap-
ons with accuracy at greater ranges to
kill the number of deer required for the
sample.
DISCUSSION
The 2 public hunting seasons on Plum
Brook Station were a significant part of
the white-tailed deer herd reduction pro-
gram. These hunts accounted for over
half the deer removed, and they provided
a recreational opportunity for many hunt-
ers. Most hunters shot at or at least
saw deer. The distribution of these
hunters on the station allowed them to
use their own hunting ability and pro-
vided them with a hunt undisturbed by
other hunters.
The hunter success rate of 53% was
much higher than the rates reported for
other controlled hunts (Krefting and
Erickson 1956, Krefting et al 1955, Rose-
berry et al 1969) and probably resulted
from the extremely dense deer population
on the station. The average kill rate
(0.208 deer killed/hunter-hour) for the
1975-76 hunt at Plum Brook Station,
however, was well below the average kill
rate (0.34 deer killed/hunter-hour) re-
ported by Holsworth (1973), even though
the Plum Brook population was 3.5 times
as dense. As reported in other studies
(Holsworth 1973, Roseberry et al 1969,
Van Etten et al 1965), the hunter success
rate and kill rate declined as the season
progressed. Apparently, the kill rate is
not entirely dependent upon population
density (fig. 3), and when used alone it is
not adequate for population estimation as
suggested by Holsworth (1973).
In addition to population density, other
factors such as weather, habitat, hunting
method, and behavior also could influence
hunter success and kill rates. Our study
was too limited to determine the effect of
weather and habitat, and the hunters
who participated were relatively evenly
distributed over unfamiliar territory and
had only a few hours to evaluate the
area and hunt. Thus, the amount of
time needed for each kill would be in-
creased by this unfamiliarity with the
area. Behrend and Lubeck (1968) showed
that deer on unhunted areas allow hu-
mans to approach closer than do the deer
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on areas where hunting was permitted.
The deer on Plum Brook Station changed
their total flight behavior in response to
hunting by increasing the number of
slow, inconspicuous avoidances at rela-
tively long distances rather than by in-
creasing the distance in the faster but
more attention-attracting direct flight.
In fact, the differences in kill rates, per-
cent of hunters firing, percent of kill in
the first 90 minutes, and kill distance
between the morning and afternoon hunts
as the hunting season progressed suggest
the hypothesis that hunt success was af-
fected by changes in deer behavior.
Though behavior varies considerably
over time and place, white-tailed deer
theoretically should have been moving
about during the morning hunts and
resting during the early part of the after-
noon hunts. Thus, the active deer in
the morning would withdraw from ap-
proaching hunters by immediately leav-
ing the area. Since the hunters were
widely dispersed, the deer were not forced
to enter another hunter's assigned area.
It is possible that deer resting in the
afternoon may have allowed the hunters
to approach closer for 2 reasons. Rest-
ing individuals were probably not as
"ready" to flee as they are during their
more active period in the morning
(Walther 1969), and a stronger stimulus
would be necessary to elicit flight during
these resting periods. Resting deer also
may have tried to hide from approaching
hunters by retaining their position until
the last possible moment. In either
case, resting individuals would allow
hunters to approach closer than would
active deer. Thus, deer avoidance be-
havior probably played a large role in
determining hunting efficiency, and it
must be considered if kill rates are used
to estimate population density.
The accuracy of our wounding rate
measurement was affected by at least 2
factors we did not measure. If the
hunters did not report all the animals
they wounded, our wounding rate figures
would be low, but, in many instances,
deer wounded by one hunter were killed
by another hunter, which made our
wounding rate (unrecovered deer) high.
However, our wounding data probably
reflected what was actually occurring,
because they were similar to the crippling
rates calculated from the dead deer sur-
vey at the end of the hunts and to the
crippling rates reported by Losch and
Samuel (1977). Our most interesting
finding was that as the hunting became
more difficult due to fewer deer available
and a change in deer behavior, the
wounding rate did not show an upward
trend.
The results of the public hunt at Plum
Brook Station showed the advantages of
short hunting seasons over longer ones.
The decline in hunter success as the
season progressed increased the cost per
kill for management and enforcement
personnel and increased hunter com-
plaints about the availability of deer.
The longer hunts also made the deer
more difficult to observe than did the
shorter hunts prior to public hunting on
the Station. The latter result supports
the hypothesis that hunting is not in-
compatable with viewing (Behrend and
Lubeck 1968), but the length of the sea-
son is important. In situations where
viewing deer is an objective, hunting
disturbances should be kept to a mini-
mum. Thus, the required number of
hunters needed to reduce the deer popula-
tion should be accomodated in the short-
est possible time that safety considera-
tions will allow.
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